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Cloning and mRNA expression levels of cytochrome P450 genes CYP6AE12 


and CYP9A18 in the cotton bollworm[] Helicoverpa armigerall Hübner) | 

YUE Li-Nal] YANG Yi-Hua[] WU Shu-Wen[] WU Yi-Dong Tİ Department of Entomology[] College of Plant 
Protection[] Key Laboratory of Monitoring and Management of Plant Diseases and Pest Insects[] Ministry of 
Agriculture[] Nanjing Agricultural University] Nanjing 2100951) China[] 

Abstract[] Two novel P450 gene$| CYP9A18 and CYP6AE12[] from the insecticide-resistant strair | YS-FP[] of 
Helicoverpa armigerd | Hübnerl | were cloned with RT-PCR and RACE. The coding region of СУРбАЕ12 cDNA 
is 1 569 bp[] encoding a protein of 523 amino acids[] while that of CYP9478 cDNA is 1 590 bp[] encoding a 
protein of 530 amino acids. Using real-time quantitative PCR[] mRNA expression levels of CYP6AE72 and 
CYP9A18 were compared between the resistant strain YS-FH[] derived from a susceptible strain YS through 
laboratory selection[] and the YS strain respectively. The results showed that the expression of CYP6AE12 was 
higher in fat body than in midgut in the 6th instar larvae of both strains[] whereas the expression of CYP9A18 
was higher in midgut than in fat body. Compared with the YS strain[] CYP6AE/2 in fat body and midgut of the 
YS-FP strain was 1.3- and 3.6-fold over-expressed respectively[] while CYP9478 was not over-expressed in 
both midgut and fat body of the YS-FP strain. The results suggested that CYP6AE12 was probably involved in 
pyrethroid resistance in the resistant YS-FP strain of H. armigera . 
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Table 1 Primers used in the study 





00 0 0 000 00 0 000 00 0 
Primer name Primer base Fragment әәә bpi 
GDP-F 5'-TTYTWCRTIGCBGGHTWYGA-3' ~ 450 
GDP-R 5'-CCDATRCARTTBCKIKGHCC-3' 
GSPGAE-F 57-GAAGGTGCTGCGTCAGA ATCTG-3 171 
GSPGAE-R 57-CAGTCCATAGTGAAGCCAGCCA-3” 
GSP9A18-F 5'-TTAGCAGGTCAAGAATGG-3' 190 
GSP9A18-R 5'-CGTAGCGAGTTGTTAGAT-3' 
Full 6AE-F 5'-CTACTGCTGTCGCTCGTTAT-3' 1642 
Full GAE-R 57-AGTACCTATATCGACCATGT-3” 
Full 9A18-F 57-AACTTTTACAGATGACGATAC-3” 1 686 
Full 9A18-R © 5'-CACACTTCACATATCACTTG-3' 
EF-F 5'-GACAAACGTACCATCGAGAAG-3' 279 


EF-R 5'-GATACCAGCCTCGA ACTCAC-3' 
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GAAACGTTCAAAATGATTACTCTACTGCTGTCGCTCGTTATACCTTTAGTCTTTTTCGCGATATATATCACATCAAAGAGAAAGTATGAA 90 


TL LL SLVVI PL Vv F F ATI s¥ IT SEK R KY E 


CATTGGGAAAAAAAGAAAATACCGCATTTGAAACCAGTCCCCATTCTGGGTAATTTTAGCGAATACATATTACAAAAAACTTACCTAGGG 180 


Н W E K K K I PH Lo K P V P 


LGN E S E Y I L 9 K T YL G 


CAGGTAGCACAAAAAATATGTAAGAAATTTCCCAACGAACCATTTATTGGAGCCTATTATGGCACGGAACCAGCGCTCATCGTCCAAGAT 270 


O V AQ K I C KK F P N E P F I 


G A YY G T EBA m 


V QD 


CCTGAACTCATTAAGATCGTGATGACAAAGGATTTCTACTTCTTCAGCGGCCGTGAAGTTTCTAACTACTCGCATAAAGAAATGTTTACG 360 


РСС Te, ID Ke SV. Me $E SK DEM ŞE ŞE x96 4G. RE MSN OX Se OR, Ee EE M.E 


CAGAACCTTTTCTTCACTTACGGAGACAGGTGGAAGGTGCTGCGTCAGAATCTGACTCCGCTGTTCTCTTCCGCGAAGATGAAGAACATG 450 











O N L F F T Y G DR W K V LR QN LT PL F S S A K K M 





TTCCATTTAATTGAGAAGTGCTCTCGAGTGTTTGAGAAAGTTCTTGACAAGGAAACACAAAAATGTGATGAAATTGAAGTGAGGGCCCTT 540 





FH LI E K C S 


R V FE EK V Һр KET © KC DE IE V RA L 


ATGGCTGGCTTCACTATGGACTGCATCGGGTCTTGTGCATTTGGAGTTGACACAAACGTGATGGAAAAGACAGAAAACAATATTTTTAGG 630 


МА G FEF 
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AAAATTGCTGACCTTATCTTTGATATTCAGGGGTTCAGAGCTTTCAAGAATGTTGCTCGGGCTATTTGGCCATCTGTATTCTACGGACTA 720 


Kb WA, (Вә Gh a E. СӘ 


Q G F RA F K N V AR A IW PS V EF Y GL 








GGATTCAGAGCATTTCCAAGAGAAATCGATAATTTCTTCAATAATTTGATGAGTGGAATATTCAAAGGACGAGAATATAAGCCGACAAAT 810 


G F R A F P R E D NF FIN 


LM 5 G F 





СК E Y K P TN 


AG TGATTTTGTGGATCTCGTATTGAAATTGTCGAATAACAAAACTATGACTGGAGACAGTTTGTTGAACATGAAATCTGATGCAGAT 900 








RN DF VD LV LK L S N K T M TG D 8 L LN MK Ss DA D 





AAAAAGGTGGTTCTCGAGGTAGACGAAGAAATGTTAGTGGCCCAGTGTGTGCTATTTTTTGCTGCAGGATTCGAAACTTCGTCGACCACA 990 
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TTGAGTTACGCTCTGTACGAGTTGGCGAAGAATCCTGAAGCTCAAGAAAAAGCTTTGGCAGAAGTGGACGAGTACCTGCGTCGTCATGAC 1080 





BL S YA LYE L A K PES A SOR 


KA LA EV DEYL R RH О 





AACACGTIGAAGTATGAGTGCGTCGCGGGGACTCCATACCTCGAAGCTTGCGTAGATGAGGCTCTGCGICTATACCCAGTACTAGGGCTT 1170 








N TL K Y E C V AG T P Y L E AC V DE AL RLY PV LG L 





CTCACTCGTGAGGTGGCAGAAGACTACACGTTCCCTTCTGGTCTGGAAGTAGAGAAAGGTCTGAGGGTGCATCTGCCAGTGTACCACTTG 1260 
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CATCATCACCCAGAGCACTTCCCGGACCCTGAGCAGTTCCGACCTGAGAGGTTTTTAGCTGAGAATAAGCAGAATATTAAACCATACACC 1350 
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AAGTACCGAGTGGAACTGGCTCCAGGCATGAAGAGAGAACTGGTCTTCGAGCCAGGAGCCATCGTCACGCAGCCCATTGGTGGAATCAAG 1530 
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CTGAAGTTTGTTGAAAGAGAAAACTGGAAGGAAAGGCTTTTGAAGACGCCGTGAAAATTTTCAGTAGTAATTAAATGAAATTTATTTATT 1620 














L K F VE 


REN W K ER L LK T P 
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TGCCAGAATATAGCTACATGATAACATGGTCGATATAGGTACTAAAATATGGTCTCACTATATTTGACTTGATTTGTTTTATAAAATGGT 1710 
TATGAAAACGAAGTAAAACCATTTTATGTGCGAGTTATATAAGCTCTTATATAAAGTTACAAATTTTAAGGTGCAGTAGATATAAACCTA 1800 
TTCATTCATTAAAACCATTTTGGAGAAAAGAAACTGTTGGAAATATGTTAATATATTATTAACTTGTTACCACAGACTAGACATAATTAT 1890 
TTATTTCAGTAATCTAATAAACGTTGGTATAACTTGAAAAAAAAAAAAAAAAAA 1944 
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Fig. 1 


CYP6AE12 cDNA sequencd] GenBank accession no. DQ256407[] and the deduced amino 


acid sequence from Helicoverpa armigera 
000000 0 0 0 0 0 0 0 О О0 ААТАЛАПО О 30) 000O0OCO0OC0OOOOILOO O D0 00 acrkersnu 00 0 utu 
П rcEcPRICIGHRHTI 00000000000000 200 0 00, 20 The translation start codon and the multiple polyadenlation signal 
sequenced] AATAAA[] present in the 3” untranslated region are underlined[] the conserved | һеһхО AGFETS[T] heme-binding domain 
П FGEGPRICIGMREİ are underlined in bold[] and the stop codon is present in * . The same for Fig. 2. 
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GGCGTCCGTCAGTGAATTAAGTACCACAAAACATTAATTAATTGTAATCGCTTTAATTGTTTTCATTTAAATTTATATTTTTATCGGCAT 90 
ATCATTCTTATTATAAGAAAAACTTTTACAGATGACGATACTCCTGTTAATCTGGGCGTTAGTCCTAGCTGTCATAGTGTTACGGGACCT 180 
M T IL LL It WA LV LAV I VL R DOL 
GAGGCGACTGTACTCGACATTTAGTAAGGATGGCATCAAGCACTTCAAGCCAGTCCCACTGCTGGGCAACATGAGTTCCGTCATATTCCG 270 
RR LY STFSKDGIRKHFRKPVPLLGNHMSSSVIIFHR 
AAGAAACCATTACGCTGATAATATTCTCAAGTTTTACAAAAGTTTCCCAGATGAAAAGTTCGTCGGCAGATTTGAATTTGTTAACCAGTC 360 





R N H Y A DN 1 L K F Y K 68 F P DE K F V G R F E F V N Q S 
CATTGTGATCCTAGATTTAGAGCTGGTGAAGAAGATTACTATCAAACACTTTGAGCATTTTCCCGATCATCGCAACTTTGGAGCTGAATC 450 
I V IL DLE LV K K IT I K OD F E H F P DH RN FGA ES 





TTTTTTTAGCAGAACTTTGTTCTTATTAGCAGGTCAAGAATGGAAACACATGCGGTCCACACTGACTCCAGCATTCACCAGTTCCAAGAT 540 
F FS R TLF LL AG QE WK DM RS T L T PA FETS S K I 
ACGTCTGATGGTGCCTTTCATGGTAGAAGTTGGAGATCAGATGATTTTGTCTCTCAAAAAGAAGCTGGAAGAATCGAAAGATGACTACAT 630 
R LM V PEM V EV GDOQ MILSİL KKK LE E § K DOD YI 
CGAGGTTGATTGCAAGGATCTAACAACTCGCTACGCCAATGACGTGATAGCCTCTTGTGCCTTCGGCCTGAAGGTAGACTCTCACATGGA 720 
EV DC K DLT TRY AN DV IAS C A FG LEV DS HMD 
TCGAGACAACCGATTCTATGCAATGGGCGGGTCACTATTTGAGTTCGGTTTTCGCACAATGATCATGTTCTTTGTTCTTCTGAATGCACC 810 
R DN R FEF YA M GG SL F E F G F RTM IM F E V LL NA P 
GAAAGTTGCTAAGTTTTTCAAATGGGATATTGTGCCAGCTTCAGTCAGAAAATTCTTCACAAACTTGGTGCTGGATACAATGAAGGATCG 900 
K V A K F F K N DI V PAS VR K F F TN LV Һр TM KDR 
TGAGATGCGACACATTATCAGACCAGAGATGATTCATTTGCTTATGGAAGCCAATAAAGGTAAACTAACCCATGAAGATATAATGCCTAA 990 
E M R H II RP EM IH LL ME AN KGK LT HE DIM PN 
TGACAATGCTGTTGGATTTGCTACTGTTGAAGAGTCTGCAATTGGATTAAATTCTTCAAAAAGAGTATGGACGGACGAGGATATAGTTGC 1080 
DN AV GF ATV E E 6 A I G L NS 5 KR V W T D E D I V A 
TCAAGCATTTGTATTTTTCGCTGCTGGTTTTGAAACGGTATCAGCGACGATGGCTTTCTTATTGTACGAGCTGGCAGTTCACCCTGAGGT 1170 
Q A F VF F A AG F E TV S АТ MA FUL YEL A V EP EV 
ACAGGAGCGATTGGCACAGGAGATCAGGGAATAT'GATGATAAGAATGATGGCAAĞTTTGACTTICAACTICAATCCAGGATATGAAGTATAT 1260 
Q E RL A ÇE IREYDDKND6GK FD FENS IÇ О МК YM 
GGACATGGTTGTTTCTGAGGTTCTGAGGAAATGGCCAGCACCTTTGGTTTTGGATAGAATATGCACTAAAGATTATAATCTTGGGAAACC 1350 
D MV V S E V L RK WP AP L V L DR IC TKD Y N L G K P 
AAACAATGCAGCTGAAAAAGATTTTATCATTCGCAAAGGTTCAGGAGTCCAAATCCCAGTCTATGCCTTCCACAATGACCCTCGGTACTT 1440 
N N A AE KDE II R K GS G VQ IP V YA F AHN D PR Y F 
TCCTAATCCTGAGAAGTTCGACCCTGAACGTTTCTCTCCAGATAACAAACACAAATTCAATGCAAATGCGTATATGCCTTTTGGTGTTGG 1530 
P N P E K F D P E R F 5 P DN K H K F N AN AY МР F GV G 
ACCAAGAAACTGTATAGGATCGAGGTTTGCTCTCTGCGAGGTGAAGGTGATAACATACCAGATTCTACGTCACATGGAGGTGTCTCCCTG 1620 
PRN C IG SR EALC EV KV I1I TYQ IL RH MEV S PC 
CAAGAGTACATGTATTCCTGCCAAACTTGCGACTAACAATTTAAACCTCAGACTGAAAGGTGGACACTCTCTTAGGTTTAAACTGAGGAA 1710 
K S T C I P AK LAT WNOLN OU ROK GGH SL R FK LR XK 
GTAGATTCAACTACACGTATCAAACGCGTCATTTTTGTATGTAGTTTAAGGTTGACGTTGITTATTCAAGTGATATGTGAAGTGIGTATA 1800 
* 
GTTTATTGAATTATTTTTAGAATGTAAACTATTTACCATATGATATTAAAAGATGTTATGATACCAATAGTTAACTAGGGTTTTAGCGTT 1890 
ACAATTATTTTGTTTATAAGTCGATTTATTCATACTGATGAATTAAATAAAATGATAAACATACAAAAAAAAAAAAAAAAA 1971 






















































































































































































02 ONU СУР9АЈ8 eDNA О [T] GenBank О O O DQ256408M 00000000 
Fig. 2 CYP9AIS cDNA sequencé] GenBank accession no. DQ256408 ] and the deduced amino acid sequences from Helicoverpa armigera 
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П 2 СУРбАЕ12 [| CYPAISD 00000 60000000000000000 
Table 2 Relative expression of CYP6AE12 and CYP9A18 in midgut and fat body of the 6th instar larvae of Helicoverpa armigera 








50 nn СУРбАЕ12 CYP9A18 

. s 00000 R 00000 

Strain issue : R | R 

Relative expression * Relative expression * 

YS OO Midgut 1.1] 0.41 - 2.44[] 4.74] 2.18 — 10.36[] 

YS-FP OO Midgut 3.51] 2.24 – 5.69[1 ^ 3.6 1.51] 1.06 - 2.181 ^ 0.3 
YS UDU Fat body 15.44] 13.88 - 17.19[] 0.71] 0.68 — 0.770 

YS-FP UNU Fat body 20.34] 18.60 – 22.270) 1.3 0.74] 0.35 – 1.60) 1.0 


*000000 0 0 0 0 О. The range of gene expression determined by evaluating 27 “Cr with AAC; + SE and AAC), - SEQ *«[] RO YS-FPO Hü YS 
0000 0 0 0 00.0. = Relative expresion in YS-FP strain/Relative expression in YS stranJ*“QOOOOOO0O00000000000 P< 
0.05[] Significantly different from the expression levels in the midgut of the YS straint] P < 0.05[]. 
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